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ABSTRACT 


Twelve  to  fourteen  week  old  female  LAF^  mice,  non- sensitized  or 
pre- sensitized  with  two  consecutive  BALB/c  or  rat  skin  grafts,  received 
670  rad  whole  body  X  radiation  and  orthotopic  tail  grafts  of  LAF^, 
BALB/c,  C3D/2  and  rat  skin.  Certain  groups  of  mice  received  specific 
antisera  intraperitoneally,  produced  in  response  to  BALB/c  or  rat 
spleen  cells  or  to  two  consecutive  BALB/c  or  rat  skin  grafts.  The  data 
indicate  that  the  first-set  response  to  an  allogenic  skin  graft  can  be 
significantly  inhibited,  in  sublethally  irradiated  mice,  by  specific 
antisera,  while  the  first- set  response  to  a  xenogenic  skin  graft  re¬ 
mains  resistant  to  similar  treatment.  Specific  antisera  had  no  effect 
upon  a  pre-existing  second-set  response.  The  significance  of  these 
data  is  discussed. 
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SUMMARY 


The  Problem: 

Under  certain  conditions,  the  inmunological  response  of  mice  to 
foreign  solid  tissue  grafts  or  to  particular  tumors  can  be  inhibited 
by  the  administration  of  specific  antisera  produced  in  response  to  the 
same  tissue  or  tumor.  It  is  now  generally  accepted  that  at  least  one 
effector  of  this  passively  transferred  "enhanced  state"  is  circulating 
antibody.  To  date,  attempts  at  "enhancing"  the  survival  of  normal 
solid  tissue  grafts  have  been  confined  primarily  to  grafts  between 
certain  strains  of  mice.  The  present  comnuni cation  deals  with  the 
effects  of  specific  antisera  upon  allogenic  (different  strain  of  mouse) 
and  xenogenic  (different  species)  skin  graft  survival  in  non- sensitized 
and  pre- sensitized  sublethally  irradiated  mice. 

The  Findings; 

The  findings  are  described  in  the  Abstract  paragraph  of  this 
report. 
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INTRODUCTION 


v. 


The  discovery  of  the  phenomenon  of  "enhancement"  of  tumor  growth, 
later  shown  to  he  passively  transferred  with  serum  from  the  pre- treated 
host  (1-5),  and  its  subsequent  application  to  the  transplantation  of 
normal  allogenic  solid  tissues  (6-9),  has  provided  the  investigator 
with  a  potentially  powerful  tool  for  the  "dissection"  of  the  mammalian 
Immune  system.  It  is  now  generally  accepted  that  at  least  one  effector 
of  the  passively  transferred  "enhanced  state"  is  circulating  antibody, 
whether  induced  in  response  to  lyophilized  or  viable  tlBsue,  neoplastic 
or  normal  (4,5). 

It  has  been  shown  in  mice  (9)  that  high  doses  of  specific  antisera 
tend  to  prolong  the  survival  of  allogenic  skin  grafts,  inhibit  the 
development  or  expression  of  "homograft  sensitivity"  in  response  to 
certain  antigenic  stimuli,  but  have  no  effect  upon  a  pre-existing  second- 
set  response.  On  the  basis  of  their  observations,  Brent  and  Msdawar 
(9)  have  postulated  that  "antiserum  probably  affects  the  process  of 
sensitization  itself,  acting  by  a  'central'  inhibition  of  unknown 
character  rather  than  by  obstructing  the  afferent  or  efferent  pathways 
of  response". 

To  date,  attempts  to  promote  the  survival  of  homografts  of  normal 
tissues  have  been  confined  to  allogenic  grafts  between  certain  strains 
of  mice  or  other  rodents.  The  present  communication  deals  with  the 
effects  of  specific  antisera  upon  allogenic  (H-2  difference)  and  xeno¬ 
genic  (rat)  skin  graft  survival  in  non- sensitized  and  pre- sensitized. 
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sublethally  irradiated  (670  rad)  mice. 

Evidence  will  be  presented  demonstrating  that  the  first-set  re¬ 
sponse  to  an  allogenic  skin  graft  can  be  significantly  inhibited,  in 
sublethally  irradiated  mice,  by  passively  transferred  specific  antisera, 
while  the  first-set  response  to  a  xenogenic  skin  graft  remains  resistant 
to  similar  treatment.  Further,  it  will  be  shown  that  specific  antisera, 
in  the  manner  given,  have  no  effect  upon  a  pre-existing  second-set 
response.  The  significance  of  these  data  will  be  discussed. 

MATERIALS  AND  METHODS 

Twelve  to  1^  week  old  female  (C57L  x  A)F1,  (LAF^)  mice  were  used 
as  skin  graft  recipients.  Skin  graft  donors  were  adult  female  LAF1 
(H2  ab),  male  BALB/c  (H2  d)  and  (C3H  x  DBA/2)F1,  (C3D/2),  (H2  Kd)  mice, 
and  2-3  week  old  male  and  female  Sprague -Davley  rats.  The  orthotopic 
tail  skin  grafting  method  of  Bailey  and  Usoma  was  used  (10).  The 
details  of  grafting  and  the  criterion  of  rejection  (complete  destruction 
of  the  engrafted  tissue)  have  been  reported  previously  (ll ) -  Mean 
survival  time  of  the  grafts  and  standard  deviation  (S.D. )  are  reported. 

Non- sensitized  LAF1  mice  received  670  rad  whole  body  X  radiation 
followed  by  0. 9-2.0  ml  antiserum  intraperitoneally,  and  were  then 
grafted  with  LAF^,  BALB/c,  C3D/2  and  rat  skin  within  six  hours  thereafter. 
Other  mice  were  pre- sensitized  with  two  consecutive  BALB/c  or  rat  skin 
grafts,  and  one  week  following  the  rejection  of  the  second  skin  graft, 
they  received  670  rad  whole  body  X  radiation,  1. 0-1.1  ml  antiserum 
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intraperitoneally,  and  vere  grafted  as  described  above.  The  radiation 
factors  (250  KVP,  15  ma;  HVL  1.5  mn  Cu;  30  rad/min)  and  details  of 
exposure  vere  the  same  as  previously  reported  from  this  Laboratory  (12). 

The  antisera  vere  prepared  in  adult  A/HeJ,  C3H  or  LAP1  mice  of 
both  sexes  (see  tables  for  particulars),  either  by  means  of  three 
intraperitoneal  injections,  vithin  nine  days,  of  an  homogenate  of  BALB/c 
or  rat  spleen  cells  (l/5  or  l/20  spleen  respectively),  or  vith  tvo 
consecutive  BALb/c  or  rat  skin  grafts.  One  veek  following  the  last 
injection  of  spleen  cells  or  the  rejection  of  the  second  skin  graft, 
the  mice  vere  sacrificed,  and  the  antisera  vere  prepared  from  blood 
aspirated  aseptically  from  the  inferior  vena  cava.  It  vas  stored  at 
-15 °C  until  used.  In  one  experiment,  antisera  vere  pooled  from  the 
three  strains  of  mice  vhich  served  as  donors. 

A  previous  comounication  (13)  postulated  the  presence  at  the 
height  of  a  vigorous  second-set  response  of  a  non-specific  agent  vhich 
disrupts  capillary  integrity  at  the  graft  site,  vhether  it  be  allogenic, 
xenogenic  or  isogenic.  Therefore,  "antiplasma"  vas  prepared  from 
blood  aspirated  into  Heparin-vetted  syringes  (Heparin  USP;  10  mg  per 
ml),  from  adult  A/HeJ  mice  vhich  vere  at  the  height  of  rejection  of 
their  third  consecutive  BALB/c  or  rat  skin  graft.  The"antiplasma" 
vas  administered  insnediately  to  the  recipient  mice  (1.0-1-3  ml 
intraperitoneally) . 

It  had  been  noted  previously  (ll,  13)  that  non- irradiated  and 


eublethally  irradiated  (670  rad)  mice,  pre- sensitized  with  rat  skin 
grafts,  rejected  subsequent  first- set  allogenic  grafts  significantly 
sooner  than  did  their  appropriate  controls .  It  was  postulated  that 
this  phenomenon  represented  a  quantitatively  expanded  first- set  re¬ 
sponse  rather  than  a  "non-specific"  or  "overflow"  response  to  rejection 
of  the  rat  skin  graft  (it  was  demonstrated  previously  that  BALB/c  or 
C3D/2  cells  and  rat  skin  share  no  common  transplantation  antigens  with 
respect  to  LAF^  aace  (ll))„  Therefore,  one  group  of  mice  pre- sensitized 
with  rat  skin  grafts  received  670  rad  whole  body  X  radiation,  and  all 
grafts  except  rat  skin  were  placed,.  A  second  group,  similarly  pre¬ 
sensitized  and  irradiated,  received  1,1  ml  anti-BALB/c  spleen  serum 
intraperitoneally  and  all  grafts  were  placed. 

All  mice  were  housed  10  per  cage.  The  diet  was  Purina  Lab  Chow, 
and  water  containing  \4>  Neomycin  was  given  ad  lib, 

RESULTS 

First-Set  Response  Table  I 

All  non- sensitized,  sublethally  irradiated  LAF^  mice  given  anti- 
BALB/c  sera,  produced  in  response  to  dissociated  spleen  cells  or  skin 
grafts,  rejected  subsequent  BALB/c  and  C3D/2  skin  grafts  significantly 
later  than  did  their  appropriate  controls  (m,s,t,  29, 7-^0  days  versus 

21.1  days).  Nine  of  2k  mice,  so  treated,  rejected  concurrent  rat  skin 
grafts  somewhat  later  than  did  the  control  group  (m. s,t.  27*2  days 
versus  22.7  days).  However,  only  four  of  15  mice  given  anti -rat  sera 


PQ 


§5 

W 

w 


5 


•Heparinized  plasma  collected  at  the  height  of  rejection  of  the  third  consecutive  skin  graft  and  used  iranediately . 


failed  to  reject  rat  skin  grafts  at  the  expected  time  (i.e.,  control: 
22.7  t  3*5  days).  These  mice  had  received  anti-rat  "plasma"  and  they 
also  manifested  a  delay  in  rejection  of  concurrent  allogenic  skin 
grafts.  All  other  mice  receiving  anti-rat  sera  rejected  subsequent 
allogenic  grafts  at  the  expected  time.  At  no  time  was  there  evidence 
either  of  an  accelerated  rejection  of  allogenic  or  xenogenic  skin  grafts 
or  an  increase  in  capillary  fragility  at  the  graft  sites. 

Second  Set  Response  Table  II 

The  second-set  response  of  sublethally  irradiated  mice,  pre¬ 
sensitized  with  BALB/c  or  rat  skin  grafts,  was  unaffected  by  antisera 
in  the  dosage  given. 

Sublethally  irradiated  mice,  pre-sensitized  with  rat  skin  grafts, 
rejected  subsequent  allogenic  skin  grafts  significantly  sooner  than 
did  the  control  group  despite  the  absence  of  a  rat  skin  graft.  How¬ 
ever,  when  anti-BALB/c  serum  was  given  to  a  group  of  mice,  similarly 
treated  but  receiving  all  grafts,  the  mean  survival  time  of  the 
allogenic  skin  grafts  doubled  (m.s.t.  31.6,  27.2  days  versus  13*7, 

1^.3  days),  i.e.,  allogenic  skin  graft  survival  was  similar  to  that 
seen  in  the  non- sensitized  mice  given  anti-BALB/c  sera,  or  as  seen  in 
sublethally  irradiated  mice  previously  sensitized  with  BALB/c  spleen 
cells  (13). 

DISCUSSION 

These  and  other  data  (9)  clearly  indicate  that  antisera,  produced 
in  response  to  normal  allogenic  tissues  and  in  a  manner  which  would  be 
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expected  to  induce  a  state  of  "sensitivity"  in  the  host,  are  capable 
of  significant  inhibition  of  the  first-set  response  to  subsequent 
allogenic  skin  grafts .  However,  the  second-set  phenomenon  appears  to 
be  resistant  to  the  action  of  the  same  antisera.  These  observations 
tend  to  support  the  hypothesis  of  "central  inhibition"  as  the  means 
by  which  specific  antisera  induce  the  "enhanced  state". 

However,  neither  the  first  nor  the  second-set  response  to  a 
xenogenic  skin  graft  appears  to  be  affected  by  the  presence  of  rela¬ 
tively  large  amounts  of  specific  antisera..  These  and  other  data  (11, 

13)  argue  most  strongly  for  the  existence  within  the  "immune  system" 
of  functionally  distinct  cell  lines  or  systems,  i.e.,  xenogenic  solid 
tissue  grafts  provoke  a  response  from  a  "cell  line"  functionally  and 
perhaps  phylogenetically  different  from  that  "cell  line"  which  would 
respond  to  an  allogenic  skin  graft.,  Rat  skin  does  possess,  in  addition, 
other  antigens  which  stimulate  cell  lines  capable  of  reacting  to 
allogenic  skin  grafts.  This  was  demonstrated  when  the  accelerated 
rejection  of  allogenic  skin  graft s  by  sublethally  irradiated  mice 
previously  sensitized  with  rat  skin  grafts  was  abrogated  by  means  of  a 
specific  antiserum  (anti-BALB/c) .  This  phenomenon  most  likely  represents 
a  quantitatively  expanded,  "radioresistant"  first-set  response. 

A  previous  communication  (13)  has  suggested  the  uniqueness  of  the 
"sensitivity"  evoked  by  skin  grafts,  allogenic  or  xenogenic,  as  opposed 
to  that  induced  by  other  means  (see  also  9,  14 ) .  It  was  demonstrated 
that  the  "homograft  sensitivity"  elicited  by  skin  grafts  was  markedly 
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more  radioresistant  than  was  that  produced  with  dissociated  cells. 
Further,  sensitization  with  allogenic  dissociated  spleen  cells  resulted 
in  a  prolongation  of  survival  of  subsequent  allogenic  skin  grafts  in 
sublethally  irradiated  mice  when  compared  to  the  appropriate  controls, 
i.e.,  "self  enhancement". 

On  the  basis  of  the  cited  data,  it  is  suggested  that  the  .second- 
set  response  is  indeed  unique.  It  is  postulated  that  the  second-set 
response  to  an  allogenic  skin  graft  represents  the  lnmunological 
response  of  a  minimum  of  two  cell  types  or  systems:  first,  a  "monitor 
cell"  (perhaps  thymic  in  origjn)  responds  to  the  incoming  antigenic 
stimulus,  bears  prime  responsibility  for  humoral  antibody  production 
either  directly  or  through  collateral  cells,  and  is  responsive  to 
circulating  antibody  levels,  i.e.,  positive  feed-back  mechanism;  and 
second,  an  "effector  cell"  is  activated  and  "armed"  by  the  "monitor 
cell".  The  latter  cell  line  or  system  remains  "armed"  and  accounts  for 
the  persistence  of  the  second-set  response.  Similarly,  the  second-set 
response  to  a  xenogenic  skin  graft  may  represent  a  two  stage  response 
contained  within  a  prlmigenial  cell  line  or  system,  or  perhaps,  be  the 
manifestation  of  two  separate  biochemical  steps  within  a  single  cell. 

It  is  realized  that  the  above  is  most  speculative  and  that  even  if  it 
represented  a  first  approximation  to  the  existing  nature  of  things, 
many  ancillary  steps  and  auxiliary  cell  systems  (macrophages,  poly¬ 
morphonuclear  cells,  etc.)  involved  in  the  rejection  of  a  skin  graft 
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have  been  neglected  for  the  purposes  of  this  discussion. 

However,  within  this  hypothetical  frame-work  "enhancement"  of 
graft  survival  would  be  the  resultant  of  prior  stimulation  of  the 
"monitor  cell"  without  concomitant  "arming"  of  the  "effector  cell"; 
that  is,  the  stimulus  would  be  such  as  to  call  forth  the  production  of 
humoral  antibodies  exclusively,  and  the  "monitor  cells"  being  sensitive 
to  the  level  of  antibody  would  fail  to  respond  appropriately  to  a 
second  stimulus  in  the  form  of  a  homograft.  Passive  enhancement  would 
similarly  be  explained.  Further,  the  "sensitivity,"  evoked  by  dis¬ 
sociated  cells  appears  to  represent  an  expansion  within  the  "line  of 
monitor  cells";  the  accelerated  rejection  of  subsequent  skin  grafts  is 
a  manifestation  of  this  quantitative  change. 
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CO,  Army  Medical  Research  Laboratory 

Army  Medical  Research  and  Nutrition  Laboratory  (MEDEN-AD) 

CO,  Army  Medical  Service  Combat  Developments  Agency 
Medical  Field  Service  School,  Fort  Sam  Houston  (Stimson  Lib.) 
Brooke  Army  Medical  Center  (Dept.  Prev.  Med.) 

Director,  Surgical  Research  Unit,  Fort  Sam  Houston 
Director,  Walter  Reed  Army  Medical  Center 
Hq.,  Army  Nuclear  Medicine  Research  Detach.,  Europe 
CG,  Combat  Developments  Command  (CDCMR-V) 

CG,  Quartermaster  Res.  and  Eng.  Command 
Hq. ,  Dugway  Proving  Ground 
The  Surgeon  General  (MEDNE) 

Office  of  the  Surgeon  General  (Combat  Dev.) 

CG,  Engineer  Res.  and  Dev.  Laboratory 
Director,  Office  of  Special  Weapons  Development 
CG,  Munitions  Command 
CO,  Frankford  Arsenal 
CG,  Army  Missile  Command 

AIR  FORCE 


Assistant  Chief  of  Staff,  Intelligence  (AFCIN-3B) 

CG,  Aeronautical  Systems  Division  (ASAPRD-NS) 

CO,  Radiological  Health  Laboratory  Division 
Director,  USAF  Project  RAND 

Commandant,  School  of  Aerospace  Medicine,  Brooks  AFB 
CO,  School  of  Aviation  Medicine,  Gunter  AFB 
6571st  Aeromedical  Research  Lab.,  Holloman  AFB 
Radiobiological  Laboratory 

Office  of  the  Surgeon  (SUP3-l)>  Strategic  Air  Command 

Office  of  the  Surgeon  General 

CG,  Special  Weapons  Center,  Kirtland  AFB 

Director,  Air  University  Library,  Maxwell  AFB 

Commander,  Technical  Training  Wing.  3^15th  TTG 

Hq.,  Second  Air  Force,  Barksdale  AFB 

Commander,  Electronic  Systems  Division  (CRZT) 

OTHER  POD  ACTIVITIES 

Chief,  Defense  Atomic  Support  Agency  (Library) 
Commander,  FC/DASA,  Sandia  Base  (FCDV) 

Commander,  FC/DASA,  Sandia  Base  (FCTG5,  Library) 

Commander,  FC/DASA,  Sandia  Base  (FCWT) 

Office  of  Civil  Defense,  Washington 

Civil  Defense  Unit,  Army  Library 

Armed  Forces  Institute  of  Pathology 

Armed  Services  Technical  Information  Agency 

Director,  Armed  Forces  Radiobiology  Research  Institute 
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Research  Analysis  Corporation 

Life  Science  Officer,  AEC,  Washington 

Director,  Division  of  Biology  and  Medicine 

NASA,  Ames  Research  Center,  Moffett  Field 

Naval  Attache,  Stockholm  (for  Commodore  Troell) 

Aerojet  Oeneral,  Azusa 

Argonne  Cancer  Research  Hospital 

Argonne  National  Laboratory 

Atomic  Bomb  Casualty  Commission 

AEC  Scientific  Representative,  France 

AEC  Scientific  Representative,  Japan 

Atomic  Energy  Commission,  Washington 

Atomic  Energy  of  Canada,  Limited 

Atomics  International 

Battelle  Memorial  Institute 

Borden  Chemical  Company 

Brookhaven  National  Laboratory 

Chicago  Patent  Group 

Colorado  State  University 

Columbia  University  (Rossi) 

Committee  on  the  Effects  of  Atomic  Radiation 
Defence  Research  Member 
duPont  Company,  Aiken 
duPont  Company,  Wilmington 

Edgerton,  Germeshausen  and  Grier,  Inc.,  Goleta 

Edgerton,  Germeshausen  and  Grier,  Inc.,  Las  Vegas 

General  Dynamics,  Fort  Worth 

General  Electric  Company,  Cincinnati 

General  Electric  Company,  Richland 

General  Electric  Company,  St.  Petersburg 

General  Scientific  Corporation 

Hughes  Aircraft  Company,  Culver  City 

Iowa  State  University 

Journal  of  Nuclear  Medicine 

Knolls  Atomic  Power  Laboratory 

Los  Alamos  Scientific  Laboratory  (Library) 

Lovelace  Foundation 
Martin-Marietta  Corporation 
Massachusetts  Institute  of  Technology 
Mound  Laboratory 
National  Academy  of  Sciences 

NASA,  Scientific  and  Technical  Information  Facility 
National  Bureau  of  Standards  (Taylor) 

National  Cancer  Institute 
National  Lead  Company  of  Ohio 
National  Library  of  Medicine 
New  Jersey  State  Department  of  Health 
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New  York  Operations  Office 
New  York  University  (Eisenbud) 

Office  of  Assistant  General  Counsel  for  Patents 

Phillips  Petroleum  Company 

Pratt  and  Whitney  Aircraft  Division 

Public  Health  Service,  Washington 

Public  Health  Service,  Las  Vegas 

Public  Health  Service,  Montgomery 

Sandia  Corporation,  Albuquerque 

Union  Carbide  Nuclear  Company  (ORGDP) 

Union  Carbide  Nuclear  Company  (ORNL) 

Union  Carbide  Nuclear  Company  (Paducah  Plant) 

United  Nuclear  Corporation  (NIA) 

U-  S.  Geological  Survey,  Denver 

U.  8.  Geological  Survey,  Menlo  Park 

U.  S.  Geological  Survey,  Naval  Gun  Factory 

U.  S.  Geological  Survey,  Washington 

U-  S.  Weather  Bureau,  Washington 

University  of  California,  Davis 

University  of  California  Lawrence  Radiation  Lab.,  Berkeley 

University  of  California  Lawrence  Radiation  Lab.,  Livermore 

University  of  California,  Los  Angeles 

University  of  California,  San  Francisco 

University  of  Chicago  Radiation  Laboratory 

University  of  Hawaii 

University  of  Puerto  Rico 

University  of  Rochester  (Atomic  Energy  Project) 

University  of  Tennessee  (UEA) 

University  of  Utah 

University  of  Washington  (Donaldson) 

Wayne  State  University 

Westinghouse  Electric  Corporation  (Rahilly) 

Westinghouse  Electric  Corporation  (NASA) 

Western  Reserve  University  (Friedell) 

Technical  Information  Extension,  Oak  Ridge 

USNRDL 

USNRDL,  Technical  Information  Division 


DISTRIBUTION  DATE:  27  March  1963 
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